Abstract. In this paper, we characterize surgery presentations for Zhomology 3-spheres and Z/2Z-homology 3-spheres obtained from S 3 by Dehn surgery along a knot or link which admits an even net diagram and show that the Casson invariant for Z-homology spheres and the µ-invariant for Z/2Z-homology spheres can be directly read from the net diagram. We also construct oriented 4-manifolds bounding such homology spheres and find their some properties.
Introduction
A framed link in S 3 of r components is a disjoint collection of r smoothly imbedded circles K 1 , . . . , K r in S 3 with rational numbers pi qi or ∞ = 1 0 associated with each imbedded circle K i . In [8] and [15] , Lickorish and Wallace showed that any orientable 3-manifold can be obtained from S 3 by Dehn surgery along a framed link with integral framings. Any presentation of a 3-manifold M by surgery on a framed link is called a surgery presentation of the 3-manifold M . It is well known that a closed oriented 3-manifold is an integral homology 3-sphere if and only if it can be obtained by Dehn surgery on an algebraically split link in S 3 for which all components are framed by ±1 (cf. [4, 9] ).
In 1952, Rokhlin introduced a theorem asserting that if M is a smooth closed oriented spin 4-manifold, then the signature of M is divisible by 16 [10] . This theorem is now known as the Rokhlin Theorem, which has played a significant role in the study of 4-dimensional topology and also gives rise the µ-invariant for Z/2Z-homology, for short, Z/2-homology 3-spheres whose properties are related to the most fundamental questions of the manifold theory such as the triangulability of topological manifolds [2, 5] .
In 1984-85, Casson introduced an integral valued invariant λ c : S → Z from the set S of oriented Z-homology 3-spheres to the set Z of integers, which reduces modulo 2 to the µ-invariant, by using representations from their fundamental groups into SU (2) [1] .
In this paper, we characterize surgery presentations for Z-homology 3-spheres and Z/2-homology 3-spheres obtained from S 3 by Dehn surgery along a knot or link which admits an even net diagram D and show that the Casson invariant for Z-homology spheres and the µ-invariant for Z/2-homology spheres can be directly calculated from the given net diagram D. We also construct oriented 4-manifolds bounding such homology spheres and give some properties.
This paper is organized as follows. In Section 2, we review some fundamental notions for surgery presentations for closed 3-manifolds. In Section 3, we characterize surgery presentations for Z-and Z/2-homology 3-spheres obtained by Dehn surgery along even net diagrams. We also construct 4-manifolds bounding the Z-or Z/2-homology spheres obtained from an even net diagram and give some properties of their intersection forms. In Section 4, we give the formulas for the Casson invariant for Z-homology 3-spheres and the µ-invariant for Z/2-homology 3-spheres obtained by Dehn surgery along even net diagrams, which show that the invariants can be directly calculated from the given net diagrams. In Section 5, we give an infinite family of Z-and Z/2-homology 3-spheres whose Casson invariants and the µ-invariants are vanishing, and are not vanishing.
Surgery presentation
Let Σ be an integral homology 3-sphere. A framed link L in Σ of r components is a disjoint collection K 1 ∪ · · · ∪ K r of r smoothly imbedded circles, [15] showed that any closed orientable 3-manifold can be obtained by an integral surgery on S 3 along a framed link in S 3 . A framed link L in S 3 with integral framings determines an orientable 4-manifold M 4 (L) obtained by adding 2-handles to the 4-ball D 4 along the circles in L via the framings. Note that the resulting 4-manifold makes no difference how we orient the circles, and an orientation for M 4 (L), and so ∂M 4 (L), is determined by extending a fixed orientation on D 4 over M 4 (L). Any presentation of a 3-manifold M by surgery on a framed link is called a surgery presentation of M . There are many surgery presentations for the same manifold. Any two integeral surgery presentations of the same manifold can be related by a finite sequence of Kirby moves [6] . Any two rational surgery presentations of the same manifold can be related by a finite sequence of generalized Kirby moves [3, 11, 12] . For our convenience, we review the Kirby moves on a framed link L = K 1 ∪ · · · ∪ K r in S 3 which do not change the 3-manifold M 3 (L) obtained by Dehn surgery on S 3 along the framed link L:
Kirby Move K1. Add or delete an unknotted circle with framing 1 or −1, which belongs to an imbedded 3-ball D 3 in S 3 that does not intersect the other components of L, see Figure 1 .
Kirby Move K2. Add one component of the link L to another as follows. Let K i and K j be the two components of L with framings n i and n j , respectively, and letK j be a longitude defining the framing n j of the component K j , that is, lk(K j ,K j ) = n j , where lk denotes the linking number. Now, replace Figure 2 The framings of all components but K 
On the other hand, Fenn and Rourke showed [3] that the Kirby moves K1 and K2 are equivalent to the K-move as shown in Figure 3 .
Here, if n i is the framing of the component K i in L, then the framing n
′ is given by the formula:
Let L = K 1 ∪· · ·∪K r be an oriented framed link in S 3 whose i-th component K i is framed by pi qi . Then the symmetric rational matrix Λ(L) = (ℓ ij ) i,j=1,2,...,r with the entries
is called the linking matrix for L. It is well known that the symmetric integral matrix Λ(L) = (q i ℓ ij ) i,j=1,2,...,r is a presentation matrix for the homology
is an integral homology 3-sphere if and only if the determinant of Λ(L) is equal to ±1, namely, det(Λ(L)) = ±1 or, equivalently, det(Λ(L)) = ± 1 q1q2···qr . Let M be a compact oriented connected and simply connected 4-manifold with ∂M = ∅. The intersection number a · b of 2-cycles a and b induces a symmetric bilinear form 
is an integral homology 3-sphere if and only if the determinant of Λ(L) is equal to ±1, namely, det(Λ(L)) = ±1, and sign(M 4 (L)) = sign(Λ(L)). For more details, see [13, 14] .
Dehn surgery on even net diagrams
In [7] , Seo and the author showed that any (oriented) link L in S 3 can be represented by a link diagram of the form as shown in Figure 4 or Figure 5 . In the figures, each tangle labeled a 
Proof. We first observe that the K-move for two vertical strands as shown in Figure 8 produces the ∂-equivalences as shown in Figure 9 at the site of each tangle a i j . Using the Kirby move K2, we obtain the ∂-equivalence as illustrated in Figure 10 from which we can replace each tangle b i j in Figure 9 to the tangle E Figure 7 , after the transformations as illustrated in Figure 10 .
Using Figure 9 and (2.1), it is not difficult to see that the framingp k on D k is given by the right hand side of the formula in ( . . .
. . . 
be the linking matrix for L.
(1) If m is even, then there exists a unimodular integral matrix U such that
(2) If m is odd, then there exists a unimodular integral matrix U such that
where
) identity matrix, U T denotes the transpose matrix of U , and
, k = 1, . . . , n. 2 ) identity matrix. Then for some unimodular integral matrices U 1 and U 2 , we have
Next, suppose that m is odd. Then we know that r = n, that is, D is a framed link diagram with exactly n components D 1 , . . . , D n with framings p 1 , . . . , p n . We choose an orientation for D as shown in Figure 11 . Let Letp 1 , . . . ,p n denote the framings of D 1 , . . . , D n , respectively. By (2.1), we obtain that for each k = 1, . . . , n,
2 .
Since the transformation in Figure 10 does not change the framing on D k for all k = 1, . . . , n, we getp k =p k and hencê
Now, for two pairs (i, j) and (k, l) with
be the (
2 ) integral matrix defined by
This gives that for all pairs (i, j) and (k, l) with (i, j) = (k, l), the matrix Λ 
For each pair (i, j) with 1
Then it is straightforward from Figure 9 that for each j = 1, . . . , n and ℓ = 1, . . . , 
Then the linking matrix Λ(D) of D with respect to the order for the pairs (1, 1) , . . . , (1, n), (2, 1) , . . . , (2, n), . . . , (m, 1), . . . , (m, n)
is given by the (mn + 1) × (mn + 1) block matrix:
It is not difficult to see that for unimodular integral matrices U 1 and U 2 ,
On the other hand, the effect of the Kirby move K1 replaces the linking matrix A to A ⊕ (±1), and the Kirby move K2 that slides K i over K j replaces the linking matrix A to A ′ obtained from A by adding (or subtracting) the j-th row to (from) the i-th row and the j-th column to (from) the i-th column. This facts, together with (3.6) and (3.7), implies the desired assertions (1) and (2). This completes the proof of Lemma 3.5.
For a given integer p, we define and Λ( L) be the linking matrices for L and L, respectively.
(1) If m is even, then r = 1 and
(2) If m is odd, then r = n and
wherep 1 , . . . ,p n are the integers in (3.5).
Proof.
(1) Suppose that m is even. By Lemma 3.5(1), we obtain that r = 1 and
(2) Suppose that m is odd. By Lemma 3.5(2), we have that r = n and
Finally, it follows from Theorem 3.3 that L and L are ∂-equivalent and hence
This completes the proof.
is a Z-homology 3-sphere if and only if either r = 1 and p 1 = ±1 or r = n and
Proof. Let D = (a Conversely, we first suppose that m is even and p 1 = ±1. By Lemma 3.5, the matrix
; Z) = 0. Now we suppose that m is odd and the equality (3.8) holds. Then for k = 1, . . . , n, we havê
By Lemma 3.5, the matrix
2 is a presentation matrix for H 1 (∂M 4 ( L); Z). This implies that H 1 (∂M 4 ( L); Z) = 0. By a similar argument as above, we obtain H 1 (M 3 (L); Z) = 0. This completes the proof. Conversely, we first suppose that m is even and p 1 is odd. By Lemma 3.5, the matrix
and ∂M 4 (L) are diffeomorphic, and hence
Now we suppose that m is odd and the integer in (3.9) is odd. Then for k = 1, . . . , n, the integerp
must be odd. The matrix (3.4) in Lemma 3.5 is a presentation matrix for 
Proof. By Theorems 3.6, 3.7 and 3.8, the assertion follows immediately.
The µ-invariant and the Casson invariant
Let M be an oriented Z/2-homology 3-sphere. Then it has a unique spin structure. Choose a smooth compact oriented spin 4-manifold X such that ∂X = M . The µ-invariant, µ(M ), of M is a rational residue modulo 2 defined by
We note that if M is a Z-homology sphere, then sign(X) is divisible by 8 so that µ(M ) = 0 or 1 modulo 2. For more details, see [13, 14] . For a given a knot K in S 3 and a reduced fraction p q , it is well known that the manifold M 3 (K; p q ) is a Z/2-homology 3-sphere if and only if p is odd. Let ∆ K (t) = ∆ K;Σ (t) be the Alexander polynomial of K normalized so that ∆ K (1) = 1 and ∆ K (t) = ∆ K (t −1 ). Then it follows from [14, Theorem 2.13] that for every odd p,
where L(p, q) is the lens space obtained by for all k = 1, 2, . . . , r.
We remark that (4.14) and (4.15) imply the formula in (4.11). Furthermore, we obtain the following immediate corollary from (4.16). (mod 2).
Examples
In this section, we give an infinite family of Z-and Z/2-homology 3-spheres whose Casson invariants and the µ-invariants vanish. We also give an infinite family of homology 3-spheres whose invariants do not vanish. 
